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(54) Method for treating exhaust gases from an internal combustion engine using 
platinum/alumina nitrogen oxide absorbents 



(57) The invention is a method of treating exhaust 
gases generated by an internal combustion engine, by 
locating a nitrogen oxide trap in the exhaust gas pas- 
sage and cycling the air/fuel ratio of the exhaust gases 
entering the trap between lean and rich, such that the 
trap absorbs nitrogen oxides during the lean cycle and 
desorbs the nitrogen oxides during the rich cycle. The 



trap consists essentially of: (a) a porous support mate- 
rial comprising mostly y-alumina and (b) precious metal 
comprising at least 0.5 to 4 wt. % platinum deposited on 
the support, the amount of the platinum being based on 
the weight of said support material. The desorbed nitro- 
gen oxides may be converted over the precious metal 
to N 2 and 0 2 by reductants like hydrocarbons present 
in the exhaust gas. 
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Description 

[0001] This invention relates to a method of using a 
nitrogen oxide trap made essentially of only precious 
metal comprising at least platinum carried on an alumina 
porous support material in an exhaust gas passage of 
a gasoline internal combustion engine to absorb nitro- 
gen oxides during lean-burn operation and release the 
nitrogen oxides when the oxygen concentration in the 
exhaust gas is lowered. 

[0002] Reference is made to US patent applications 
Serial No. 08/993,927 entitled "Tungsten Modified Plat- 
inum/Alumina NOx Traps For Automotive Emission Re- 
duction". 

[0003] Catalysts are employed in the exhaust sys- 
tems of automotive vehicles to convert carbon monox- 
ide, hydrocarbons, and nitrogen oxides (NOx) produced 
during engine operation into more desirable gases. 
When the engine is operated in a stoichiometric or 
slightly rich air/fuel ratio, i.e., between about 14.7 and 
14.4 , catalysts containing precious metals like palladi- 
um and rhodium are able to efficiently convert all three 
gases simultaneously. Hence, such catalysts are often 
called "three-way" catalysts. 

[0004] It is desirable, however, to operate gasoline 
engines under "lean-burn" conditions where the A/F ra- 
tio is greater than 14.7, generally between 19 and 27, 
to realize a benefit in fuel economy. Such three-way cat- 
alysts are able to convert carbon monoxide and hydro- 
carbons but are not efficient in the reduction of NOx dur- 
ing lean-burn (excess oxygen) operation. Efforts have 
been made in developing lean-bum catalysts in recent 
years. One deficiency of some of the conventional lean- 
bum catalysts is that they are based on zeolite materials 
which are less than durable at the elevated tempera- 
tures necessary for their efficient catalytic operation in 
the exhaust gas system. Lean-burn catalysts act to re- 
duce the NOx through the use of hydrocarbons and car- 
bon monoxide over a catalyst, the hydrocarbons and 
carbon monoxide hence being in turn oxidized. 
[0005] Recent efforts to solve the problem of NOx in 
lean-burn systems have focused on lean-NOx traps, i. 
e., materials which are able to absorb nitrogen oxides 
during lean-bum operation and then later release them 
when the oxygen concentration in the exhaust gas is re- 
duced. Hence, these traps are used with engine sys- 
tems which cycle between lean and rich operation. Typ- 
ical of material combinations in conventional traps are 
an alkaline earth metal like barium with a precious metal 
catalyst like platinum. European Patent Application 
0613714A2 published September 7th, 1994 discloses 
that platinum or palladium in various combinations with 
at least two ingredient materials of the alkali metals, al- 
kaline earth metals, transition metals, or rare-earth met- 
al are capable of storing or absorbing nitrogen oxides 
under exhaust conditions of excess oxygen and desorb- 
ing the NOx during stoichiometric or fuel-rich atmos- 
pheres. 



[0006] The widely held mechanism for this absorption 
phenomena is that during the lean-burn operation the 
platinum first oxidizes NO to N0 2 and the N0 2 subse- 
quently forms a nitrate complex with the other material, 
5 e.g., the barium. In the regeneration mode as during a 
stoichiometric or rich environment, the nitrate is thermo- 
dynamically unstable, and the stored NOx is released. 
NOx then catalytically reacts over the platinum with re- 
ducing species in the exhaust gas like HC and CO to 
form 0 2 and N 2 . Hence to use lean-NOx traps, a hybrid- 
mode engine strategy is used. The air/fuel ratio is cycled 
between extended periods of lean operations where the 
traps sorb NOx emissions, alternated with brief, fuel-rich 
intervals to desorb the adsorbed NOx and regenerate 
the lean-NOx trap. US patent 5,473,887 to Takeshima 
et al discloses this type of exhaust purification device, 
which teachings of the operation and use of such device 
are hereby expressly incorporated by reference in this 
document. 

[0007] The alkali metal and alkaline earth metals 
which are typically utilized for NOx sorption have, how- 
ever, the serious drawback that they are readily poi- 
soned by sulfur in the exhaust gas, the alkali metals be- 
ing the most seriously poisoned. Most fuels for automo- 
tive vehicles contain sulfur and when burnt, the sulfur is 
converted to sulfur compounds like S0 2 . Over time, the 
sulfur compounds react with these trap materials form- 
ing su Ifates which will not revert back to the sorption ma- 
terial. These sulfates are inactive for NOx sorption. As 
a result, the typical NOx with precious metal and an al- 
kaline earth like barium is strongly deactivated by sulfur 
in the fuel. 

[0008] We have now unexpectedly found that plati- 
num/alumina catalysts, i.e., without inclusion of basic 
oxides like BaO or SrO reported to be an essential part 
of the catalyst, perform equally well for nitrogen oxide 
trapping/desorbing under lean/rich exhaust gas condi- 
tions. Even though the Pt-BaO/alumina, when fresh, has 
a slight advantage over Pt/alumina for NOx treatment, 
BaO-Pt/alumina catalyst is more sensitive to sulfur poi- 
soning and has been found to lose this advantage upon 
aging. The present invention is less expensive than 
such conventional NOx trap materials and yet also more 
durable which provides an ideal NOx trap material. The 
ability of the present invention material for NOx absorb- 
ing/desorbing as required for NOx trap materials was 
totally unexpected by the inventors since alumina is not 
a conventional basic oxide. At this point the inventors 
do not understand the mechanism of nitrogen oxide ab- 
sorption by the Pt/alumina catalysts, however, it does 
not seem to be based on the basicity of the washcoat 
alone. 

[0009] This invention is directed to a method for treat- 
ing exhaust gases by using a particular nitrogen oxide 
trap material. The method comprises locating in an ex- 
haust gas passage of an internal combustion engine a 
nitrogen oxide trap material consisting essentially of: (a) 
porous support material comprising mostly y-alumina; 
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and (b) precious metals comprising at least 0.5 to 4 wt. 
% platinum deposited on the support, the amount of the 
platinum being on the weight of the support material. 
Other precious metals like palladium or rhodium, pref- 
erably the latter, may also be deposited on the support 
with the platinum. The method further comprises expos- 
ing the trap material to engine exhaust gases having a 
lean of stoichiometry air/fuel ratio whereby said trap ab- 
sorbs nitrogen oxides from the exhaust gas; monitoring 
the amount of absorbed nitrogen oxides in the trap; and 
purging absorbed nitrogen oxides from the trap at a se- 
lected time based on the amount of absorbed nitrogen 
oxides by subjecting the trap to engine exhaust gases 
whose air/fuel ratio is stoichiometric or rich of stoichiom- 
etry. Preferably the support material is gamma-alumina. 
[0010] Advantageously, we have found that by using 
only precious metal comprising at least platinum metal, 
without the alkali metals or more particularly the alkaline 
earth metal conventionally used in prior art nitrogen ox- 
ide trap materials, the NOx conversion efficiency of the 
materials is maintained even in the presence of sulfur 
in the exhaust gas. We have found this to be based on 
the resistance of the invention trap materials to forming 
sulfates, in contrast to conventional absorbents which 
include alkaline earth oxides like barium with the plati- 
num, the alkaline earth oxide being readily poisoned by 
sulfur. This allows for improved operation of the present 
trap as compared to the prior conventional traps. The 
desorbed NOx is expected to be converted to nitrogen 
and oxygen over the platinum. 

[001 1] The invention will now be described further, by 
way of example, with reference to the accompanying 
drawings, in which: 

Fig. 1 is a graph showing the nitrogen oxide conver- 
sion efficiency of two lean-NOx traps, one according 
to an embodiment of the present invention and the 
other a comparative example using barium-plati- 
num/alumina; 

Fig. 2 is a graph showing nitrogen oxide conversion 
efficiency for platinum only traps according to em- 
bodiments of the present invention; 
Fig. 3 is a graph showing nitrogen oxide conversion 
efficiency for comparative example NOx traps using 
Pt-Ba/alumina not according to embodiments of the 
present invention; 

Fig. 4 is a graph showing nitrogen oxide conversion 
efficiency during cycling of lean-NOx traps accord- 
ing to Pt/alumina embodiments of the present in- 
vention and a comparative example of Pt-Ba/alumi- 
na; and 

Figs. 5 and 6 are graphs showing NOx conversion 
efficiency of the present invention embodiment NOx 
traps and comparative examples as measured ver- 
sus cycle time. 

[0012] The invention method comprises locating a 
NOx trap material of precious metal comprising at least 



platinum coated on alumina material, as disclosed 
above, in the exhaust gas passage of an internal com- 
bustion engine, whereby the material absorbs NOx dur- 
ing lean operation and releases the absorbed NOx dur- 
5 ing stoichiometric or rich operation, i.e., as air/fuel ratios 
are cycled between lean and rich. 
[0013] The nitrogen oxide trap material consists es- 
sentially of precious metal comprising at least platinum 
loaded on a mostly y-alumina support material (herein 
10 termed "y-alumina support material"). Contrary to con- 
ventional trap materials, in the present invention other 
materials like alkali metals (e.g., potassium) or alkaline 
earth material (e.g., barium oxide or strontium oxide) 
conventionally loaded with platinum on the alumina sup- 
>5 port are not provided on the support with the platinum. 
That is, only precious metal is loaded on the mostly y- 
alumina support in the present method invention. 
[001 4] By "mostly y-alumina" in this invention is meant 
that the support material comprises more than about 
20 50% by weight y-alumina. More preferably the support 
is greater than 80%, and most preferably substantially 
all y-alumina. In addition to the y-alumina, however, if 
desired the y-alumina support material may comprise 
small amounts of other materials often added into the 
25 support for stabilization or to provide oxygen storage 
properties like cerium oxide, barium oxide, zirconium 
oxide, lanthanum oxide, titanium oxide, silica, and al- 
pha-alumina. This support material comprising mostly 
y-alumina is desired because it has high surface area, 
30 good adhesion and low chemical interaction with the 
platinum loaded thereon. 

[0015] The required precious metal comprising at 
least platinum may be loaded onto the y-alumina support 
material in any manner, several methods for providing 
35 precious metals on support materials being well known 
in the art. One particularly convenient method is by im- 
pregnating the y-alumina support material with an aque- 
ous or organic solvent solution comprising a soluble 
compound of the metal. Exemplary of soluble platinum 
40 containing compounds are compounds like chloroplati- 
nic acid, amino-Pt-nitrates like tetramine platinum ni- 
trate and Pt-carboxylates. Exemplary of such solvents 
are water, solution of alkalis like sodium hydroxide, eth- 
anol, toluene, isopropyl alcohol, acetone, methylethyl- 
4S ketone, butylacetate, and dimethylformamide, water 
and water/methanol being particularly preferred. Any 
platinum compound which is soluble in an aqueous or 
organic medium and whose functional group is capable 
of being decomposed by heat to leave only the precious 
50 metal or its oxide on the support material may be em- 
ployed in this impregnation technique. Hence, such a 
compound is called a platinum precursor compound. 
Other platinum precursor compounds useful in this in- 
vention in addition to those listed above will be apparent 
55 to those skilled in the art in view of the present disclo- 
sure. 

[0016] According to the method of impregnation dis- 
closed above, the platinum precursor compound is dis- 
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solved generally by simply mixing the compound into an 
aqueous or organic solvent to make a catalyst precursor 
solution thereof. A solution of the catalyst compound is 
generally further diluted for impregnation of the support. 
The catalyst precursor solution may also comprise a 
mixture of compatible organic solvents and/or platinum 
precursor compounds. 

[0017] For useful application in an exhaust system, 
the washcoat will be carried on a substrate (mechanical 
carrier) of a high temperature stable, electrically insulat- 
ing material such as cordierite, mullite, etc. A mechani- 
cal carrier is preferably comprised of a monolithic mag- 
nesium aluminum silicate structure (i.e. cordierite), al- 
though the configuration is not critical to the catalyst of 
this invention. It is preferred that the surface area of the 
monolithic structure provide 50-1000 meter square per 
liter structure, as measured by N 2 adsorption. Cell den- 
sity should be maximized consistent with pressure drop 
limitations and is preferably in the range of 200-800 cells 
per square inch of cross-sectional area of the structure. 
The substrate may be in any suitable configuration, of- 
ten being employed as a monolithic honeycomb struc- 
ture, spun fibers, corrugated foils or layered materials. 
[001 8] A washcoat of the support material may be ap- 
plied to the substrate and then impregnated with the pre- 
cursor catalyst solution. Alternately, the impregnated 
washcoat may be applied to the substrate. Generally, 
the washcoat (support material) is provided first on the 
substrate. Optimally, the washcoat is provided on the 
substrate in an amount of between about 25% and 35% 
by weight based on the weight of the substrate (e.g., 
monolith). Still other ways of providing the catalyst prod- 
uct will be apparent to those skilled in the art in view of 
the present disclosure, the method not being critical to 
the present invention. Preferably, a slurry of a platinum- 
impregnated washcoat is made into a slurry and the 
monolith is coated with it. Generally, for use in an ex- 
haust system this impregnated washcoat is subjected 
to elevated temperatures to decompose and eliminate 
the functional group of the catalyst precursor. It may be 
further subjected to calcining. 

[0019] If the heating is carried out in the air, the plat- 
inum compound may exist at a platinum oxide com- 
pound which at high temperatures generally decompos- 
es to platinum and oxygen. Thus it often exists as a mix- 
ture of platinum and its oxides. 

[0020] The support material is loaded such that the 
amount of platinum is between 0.5-4% by weight, based 
on the weight of the support. Preferably the platinum 
comprises about 1 .5-2.5 wt. %, mostly preferably about 
2% wt. Other precious metals may be included with the 
platinum like palladium, rhodium or their mixture. Rho- 
dium is particularly useful to convert desorbing nitrogen 
oxides during purging. 

[0021] As discussed above it is well known in the art 
that conventional NOx traps using barium or potassium 
as the NOx absorbent are susceptible to poisoning by 
sulfur compounds present in the exhaust gases. We 



have found that by using an essentially alkaline earth- 
free material having essentially precious metals on the 
alumina, sulfur poisoning is avoided. The amount of sul- 
fur oxide reacting with the support is lowered which may 
5 provide for the material to be less prone to sulfur poi- 
soning. 

[0022] The method of using the nitrogen oxide trap 
material according to the present invention may further 
comprise other aspects. For example, it may further 

10 comprise locating another catalyst device in the exhaust 
gas passage, for example, a catalytic converter employ- 
ing a conventional three-way catalyst containing palla- 
dium, etc., or a lean-burn catalyst such as one contain- 
ing transition metals like silver, copper, etc. These cat- 

15 atysts, e.g., the three-way catalyst, can be placed up- 
stream of the NOx trap, hence closer to the engine. In 
such an arrangement, the three-way catalyst being pref- 
erably closely mounted to the engine would warm up 
quickly and provide for efficient engine cold start emis- 

20 sion control. The NOx trap would ideally be positioned 
downstream of the three-way catalyst where the lower 
exhaust gas temperature enables maximum NOx trap 
efficiency. Also, with the NOx trap positioned down- . 
stream of the three-way catalyst in a remote location, it 

25 is protected against very high exhaust gas temperatures 
which could damage it. During periods of lean-burn en- 
gine operation when the three-way catalyst is ineffective 
so that NOx passes through the three-way catalyst, NOx 
is stored on the trap. 

30 [0023] A method embodying the invention involves 
monitoring the amount of nitrogen oxides absorbed on 
the trap material, i.e., the fullness of the trap to absorbed 
nitrogen oxides. This could be done several ways in- 
cluding estimating the amount of generated nitrogen ox- 

35 ides for engine load-time information as by an on board 
computer, or by measuring the amount of nitrogen oxide 
concentration in the exhaust gas at positions before and 
after the nitrogen oxide trap material in the passage us- 
ing, e.g., a nitrogen oxide sensor. Still other ways to 

40 monitor the amount of absorbed nitrogen oxide will be 
apparent to those skilled in the art in view of the present 
disclosure. When it is determined from this monitoring 
that the trap should be purged of nitrogen oxides and 
regenerated, the trap material is subjected to engine ex- 

45 haust gases whose air/fuel ratio is stoichiometric or rich. 
This may be accomplished by short periods of generally 
slightly rich engine operation. Another way to generate 
the rich air/fuel ratio is to provide hydrocarbons into the 
trap to decrease the air/fuel ratio. Still other ways to de- 

50 crease the air/fuel and provide richer exhaust gas to the 
trap will be apparent to those skilled in the art in view of 
the present disclosure. There is no criticality associated 
with the way in which the amount of nitrogen oxides in 
the trap are determined nor in the way the exhaust is 

55 made richer to purge the trap. The purging is generally 
carried out at a selected time compatible with engine 
operation and for a time necessary to purge some or all 
of the absorbed nitrogen oxide, as selected for optimal 



4 




7 EP 0 927 571 A2 8 



operation of the trap and the engine system. It may be 
desirable to vary these parameters and coordinate them 
with the trap temperature, etc., which may aid in purging. 
[0024] The stored NOx is then released from the trap- 
ping material and is catalytically reduced over the plat- 
inum in the trap by the excess hydrocarbons and other 
reductants like CO and H 2 present in the exhaust gas. 
In general, the released NOx is efficiently converted to 
N 2 and 0 2 , which efficiency is enhanced when rhodium 
is contained within the NOx trap washcoat. However, 
one may wish to place a second three way catalyst 
downstream of the NOx trap in order tof urther aid in this 
regard. The trap is particularly useful for use with gaso- 
line engines where during the lean-burn portion the air/ 
fuel ratio is usually in the range 1 9-27. 
[0025] For testing of the present invention, a granular 
support is mixed with a catalyst precursor solution and 
stirred at an elevated temperature generally of about 
75-1 20°C to evaporate the solvent. The impregnated 
support material is then heated to decompose and elim- 
inate the functional group from the mixture, such as by 
heating at 320°C for one hour and thereafter for four 
hours at 600°C. The platinum may be impregnated into 
the washcoat support from multiple impregnations. For 
laboratory evaluation of the catalyst, it is packed in a 
glass tube sealed with quartz glass woo! and simulated 
exhaust gas is then passed through the tube. 

Example 1 

[0026] A cordierite honeycomb monolith, containing 
35% (by weight) gamma-alumina washcoat is impreg- 
nated with chloroplatinic acid solution to deposit 2% Pt 
(by weight, of the washcoat). The monolith is dried at 
100°C for five hours. The monolith is then cut into two 
pieces and one piece is dipped into barium nitrate solu- 
tion to deposit 127© (by weight) of the washcoat, BaO 
on the sample. It is dried at 100°C for five hours and 
then both of the samples are calcined at 500° C for lour 
hours. 

[0027] Both of the samples are evaluated for NOx 
conversion on a flow reactor. The feed gas composition 
is given below. 

[0028] FEED GAS COMPOSITION: 

Space Velocity = 25,000 HR* 1 

HC - 40 ppm 

CO = 2400 ppm 

H 2 = 800 ppm 

NOx = 600 ppm 

0 2 = 1400 ppm 

C0 2 = 10.0% 

H 2 0= 10.0% 

[0029] The feed gas is maintained fuel-lean by adding 
0 2 (6%) for one minute and then rendered rich by adding 
CO (1 %). This feed gas composition modulation is main- 
tained during the catalyst evaluation. The NOx conver- 



sion is shown in Fig. 1. In this experiment, the Pt/Al 2 0 3 
composition shows only slightly lower NOx conversion 
than the Pt-Ba/catalyst, however, in other experiments, 
we have found comparable NOx conversion to that of 
5 Pt/BaO/AI 2 0 3 and Pt/SrO/AI 2 0 3 catalyst. 

Example 2 

[0030] The Pt/Al 2 0 3 catalyst described in Example 1 
io js evaluated under lean and rich conditions separately 
and also under cyclic conditions as outlined in Example 
1. The NOx conversion under cyclic conditions, as 
shown in Fig. 2, is much higher than the numerical av- 
erage of lean and rich NOx conversion. 
is [0031] The Pt/BaO/AI 2 0 3 catalyst from Example 1 is 
also evaluated as described above. The results are 
shown in Fig. 3. These results show that under all test 
conditions, both catalyst are comparable in perform- 
ance. 

20 [0032] The NOx conversions under lean and rich con- 
ditions for both the catalysts are plotted in Fig. 4. Both 
Pt/Al 2 0 3 and Pt/BaO/AI 2 0 3 are very comparable under 
rich, lean, and NOx trap conditions as seen in this figure. 

25 Example 3 

[0033] Two catalysts containing 2% Pt and 2% Pt/6% 
SrO were prepared as described in Example 1 . The NOx 
reduction was evaluated at 350° C as described for Ex- 
30 ample 1 , by adjusting the rich cycle to 1 5, 30, 45, and 
60 seconds while maintain ing the lean cycles for 60 sec- 
onds all the time. The NOx conversion values are shown 
in Fig. 5. 



[0034] The catalysts described in Example 3 were 
evaluated at 500°C as described in Example 3. The NOx 
reduction values under various cycles are shown in Fig. 
40 6. 

Example 5 

[0035] A catalyst containing 2.1% Pt is prepared on 
45 an alumina (95%) and silica (5%) monolith as described 
in Example 1 . The catalyst is evaluated for NOx reduc- 
tion under cycling conditions (1 min. lean; 1 min. rich) 
as described in Example 1 . The maximum NOx conver- 
sion was 76%. 

50 

Example 6 

[0036] A catalyst containing 1.9% Pt is prepared on a 
composite oxide monolith (97% alumina, 3% titania) as 
55 described in Example 1. The catalyst is evaluated for 
NOx reduction under cycling conditions (1 min. lean; 1 
min. rich). The maximum NOx reduction is 74%. 
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Example 7 

[0037] A catalyst containing 2% Pt is prepared on a 
composite oxide monolith (98% alumina, 2% zirconia) 
as described in Example 1 . The catalyst is evaluated for 
NOx reduction under cyclic conditions (1 min. lean; 45 
sec. rich) as described in Example 3. The maximum 
NOx conversion is 59%. A control trap catalyst contain- 
ing 7% BaO provided comparable NOx reduction under 
the test conditions. 



4. A method according to claim 1 or 2, wherein said 
support further comprises materials selected from 
the group consisting of cerium oxide, barium oxide, 
zirconium oxide, lanthanum oxide, titanium oxide, 

5 alpha-alumina and mixtures of any of them. 

5. A method according to any one of the preceding 
claims, which further comprises locating a three- 
way catalyst or a lean-nitrogen oxide catalyst up- 

10 stream of said nitrogen oxide trap. 



Example 8 

[0038] Ceria (2% by weight) is deposited on the alu- 
mina monolith described in Example 1, and a catalyst 
containing 1.9% Pt and 0.5% Rh is prepared and eval- 
uated as described in Example 1. The maximum NOx 
conversion under cyclic conditions (1 min. lean; 1 min. 
rich) is 77%. 



Claims 

1. A method for treating exhaust gases from an inter- 
nal combustion engine, said method comprising the 
steps of: 

locating in the exhaust gas passage of said in- 
ternal combustion engine a nitrogen oxide trap 
material including: 

(a) a porous support comprising mostly y- 
alumina; 

(b) precious metals comprising at least 0.5 
to 4 wt. % platinum and optionally palladi- 
um, rhodium, or their mixture, deposited on 
said support, the amount of said platinum 
being based on the weight of said support 
material; 



6. A method according to any one of the preceding 
claims, wherein said purging step is carried out 
based on the amount of absorbed nitrogen oxides 

15 absorbed by the trap. 

7. A method according to any one of the preceding 
claims, wherein said locating step comprises first 
forming said nitrogen oxide trap material by impreg- 

20 nating said porous support with a solution consist- 
ing essentially of a platinum compound dissolved in 
solvent therefor, and subsequently drying the ma- 
terial to remove said solvent. 

25 8. A method according to any one of the preceding 
claims, wherein said metal carried on said support 
is further carried on a substrate selected from 
cordierite, metals or ceramic. 

30 9. a method according to claim 8 wherein said sub- 
strate is a honeycomb shape. 

10. A method according to claim 8 or 9 wherein said 
substrate carries about 25-35 weight percent alumi- 
35 na support loaded with platinum. 



exposing said nitrogen oxide trap material to 
engine exhaust gases having a lean of stoichi- 
ometry air/fuel ratio whereby said trap material 
absorbs nitrogen oxides from the exhaust gas; 
monitoring the amount of absorbed nitrogen ox- 45 
ides absorbed by said trap material; and 
purging said absorbed nitrogen oxides from 
said trap material by subjecting said nitrogen 
oxide trap material to engine exhaust gases 
whose air/fuel ratio is stoichiometric or rich of 50 
stoichiometry. 



2. A method according to claim 1 wherein said plati- 
num comprises about 1.5-2.5 wt. %. 

3. A method according to claim 1 or 2, wherein said 
support is 7-alumina. 
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